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In RAN1#90bis [1] and RAN1#91 [2], the function of power saving signal was discussed and the following agreements were made with respect to the power consumption reduction for paging and connected-mode DRX:
Agreements:
· Working assumption: WUS/DTX is adopted for the power saving  signal for IDLE mode paging;
· The UE is configured with a transmission duration of WUS by higher layers
· The WUS signal may be decoded with or without relying on prior synchronization
· Whether the UE needs to acquire (further) synchronization using NPSS/NSSS to decode the NPDCCH following the WUS is FFS
· The power saving of using existing synchronization signal to achieve sync and using WUS for synchronization should be compared.
· For RAN#78 timeline, RAN4 can assume the UE is synchronized prior to the WUS
· After RAN#78, RAN1 and RAN4 will conduct additional work to allow the assumption that the UE is not synchronized prior to the WUS (with the same WUS signal design) for 144 dB MCL; and will study to allow the assumption that the UE is not synchronized prior to the WUS (with the same WUS signal design) for 154, 164 dB MCL
· Status of work on ‘Relaxed monitoring for cell reselection’ in RAN2/4 should be considered

This contribution discusses further issues on functions of the power saving signal.
[bookmark: _Ref129681832]Summary of WUS discussion in RAN1
In this section, we summarize the discussion on the power saving signal in RAN1 and suggest a rationale for WUS design. 
Synchronization
Based on the evaluations by proponent companies [3-5], it has been shown that that the power saving gain is marginal or even negative for 144 dB coverage, if as in Figure 1 UEs always assume legacy NPSS/NSSS needs to be  used for synchronization before reading WUS/paging. On the other hand, if the wake-up signal itself is used for synchronization, attractive power saving gain is observed. These are the reasons that a number of companies propose to use wake-up signal for synchronization.
Observation 1: Power saving gain is marginal or even negative for 144 dB coverage if UE always needs to use NPSS/NSSS for synchronization before receiving WUS.
Observation 2: Attractive power saving gain is observed when UE uses WUS for synchronization in 144 dB coverage.
[image: ]
Figure 1 legacy UE procedure for receiving paging
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Figure 2 UE procedure with WUS 
Mobility
Cell confirmation
When considering using WUS as synchronization source for UEs, one issue related to mobility  is cell confirmation, i.e. the ability or necessity for a UE to determine if it is in the same cell as when it went into a deep sleep state. 
Considering WUS/GTS is always transmitted, UEs can always use WUS/GTS for cell confirmation, assuming that cell ID is carried in the signal. When the cell ID is confirmed, the UE can continue to process the following paging when WUS is detected or go back to sleep when GTS is detected. In this case, when WUS/GTS is used for synchronization instead of NPSS/NSSS, there is no issue on cell confirmation.
If WUS/DTX is adopted, UE may not be able to distinguish a DTX and moving out of the serving cell’s coverage because the signal is not always present. From this point of view, when WUS/DTX is adopted, and used for synchronization, it particularly suits low and medium mobility cases.
RRM measurement
In Rel-13 and Rel-14, RRM measurement is based on NRS. Hence, when legacy NPSS/NSSS is used for synchronization, NRS is used for RRM measurement. 
If power saving signal is used for synchronization, if WUS/GTS were adopted, as mentioned in section 2.2.1, cell confirmation can be based on WUS/GTS, and the RRM measurement can still be based on NRS. From this point of view, it is the same as the case when NPSS/NSSS is used for synchronization regarding RRM measurement. Furthermore, WUS/GTS can be further considered to be used for RRM measurement.
If power saving signal is used for synchronization, and WUS/DTX is adopted, as discussed in section 2.2.1 and shown in Figure 3, this can work for low to medium mobility cases. For low to medium mobility scenarios, e.g. metering applications, UE does not need cell confirmation and RRM measurement before every PO and a larger RRM measurement cycle is used for cell confirmation and RRM measurement.
[image: ]
Figure 3 Longer cycle for cell confirmation and RRM measurement
Based on the above discussion on cell confirmation and RRM measurement: 
Observation 3: When WUS/GTS is adopted and used for synchronization, low to high mobility case can be supported where cell confirmation can be based on WUS/GTS and RRM measurement can be based on NRS.
Observation 4: When WUS/DTX is adopted and used for synchronization, WUS/DTX can support low to medium mobility case where the cell confirmation and RRM measurement is based on NPSS/NSSS with a longer cycle compared with DRX cycle.
Resource overhead 
Resource overhead is another aspect that impacts power saving signal design. 
If WUS/GTS is adopted, the resource overhead would be quite high. Especially for 154 dB and 164 dB coverage, the signal duration is long and WUS/GTS needs to be always transmitted. Hence, WUS/GTS is not preferred from the resource overhead point of view at least for 154 and 164 dB coverage.
Observation 5: WUS/GTS is not acceptable from the resource overhead point of view for 154 and 164 dB coverage.
Based on the simulations from a couple of companies, if UE uses WUS for synchronization, the duration needed for WUS is about ~100ms or longer. Discussions until now have compared the power saving value of the synchronization function with the resource usage, with differing views on whether the relative overhead is acceptable.
Observation 6: The duration of WUS needs to be ~100ms or longer for supporting synchronization in 164 dB coverage.
Table 1 summary on observations for WUS design
	
	Power saving signal supports synchronization
	Power saving signal does not support synchronization

	
	WUS/GTS
	WUS/DTX
	WUS/GTS
	WUS/DTX

	Power saving gain
	Attractive gain in all coverage
	Very marginal or even negative gain in 144dB

	Mobility
	Support low, medium,  high mobility.
	Support low, medium mobility.
	Support low, medium,  high mobility.
	Support low, medium mobility.

	Resource overhead
	Too high at least for 154 dB and 164 dB.
	~100ms duration.. 
	Too high at least for 154 dB and 164 dB.
	No problem



Wakeup signal design scheme for IDLE mode
Based on the summary in section 2 regarding the recent discussions, it is evident that there is no perfect solution that can fulfill all the requirements and cover all cases, e.g. mobility and coverage. Here, we give a way forward considering the observations that have been identified by RAN1. 
The first priority is to have attractive power saving gain for all coverage. This is the only reason for the discussion on power saving signal in Rel-15 and it is essential for introducing power saving. Hence, the wake-up signal needs to support a synchronization function at least for 144 dB and 154 dB. Otherwise, there is no gain for UEs deployed in 144 dB. For 164 dB, attractive power saving gain is observed even when WUS is only used for paging arrival detection and NPSS/NSSS is used for synchronization. Thus it could be reasonable to focus the design of WUS supporting synchronization on 144 and 154 dB, and not consider synchronization performance as a design metric for evaluating WUS signal design in 164 dB. In 164 dB coverage, the duration of WUS to achieve given missed detection and false alarm rates is used to select between solutions.
It is up to UE’s implementation whether WUS is used for synchronization or not. What the specification needs to provide is the WUS signal design that can be used as a source for synchronization with good and reasonable performance for 144 dB and 154 dB. As agreed in the last meeting, the WUS signal provides such a way with extensions from a basic unit of one subframe. The network can have full flexibility to configure the maximum duration of WUS. Then, UEs can based on this information of duration, decide whether to use WUS for synchronization or just for detecting paging arrival. In fact, a UE may even use WUS to get partial synchronization and use some number of NPSS/NSSS transmissions for further synchronization and cell confirmation. 

Proposal 1:  The following are used as metrics for choosing WUS design to ensure attractive power saving gain, balanced with resource usage, in all coverage levels:
· The synchronization performance in 144 dB and 154 dB;
· The duration of WUS to achieve target missed detection rate and false alarm rate assuming prior synchronization in 164 dB coverage.
It was observed in Table 1 that WUS/GTS consumes too much resource overhead, which needs to be carefully handled in NB-IoT. Considering this, it is proposed to confirm the working assumption in RAN1#90bis to adopt WUS/DTX as a power saving signal. 
For metering scenarios, which is a strongly relevant application scenario for NB-IoT, WUS/DTX can bring attractive power saving gain by using WUS as the synchronization source. It can also bring attractive gains for UEs in 164 dB even when the WUS is not used for synchronization. The mobility issue regarding cell confirmation and RRM measurement is not a problem for the metering and similar scenarios, and a much longer cycle compared with the DRX cycle is used for cell confirmation and RRM measurement.
However, for e.g. public shared bike scenarios, relatively higher mobility is present, and many UEs are in 144 dB coverage. If public bikes are considered as one of the target applications for the power saving signal, WUS/GTS can be considered in addition in 144dB, as the resource overhead may be acceptable. 
Proposal 2: Confirm the working assumption to adopt WUS/DTX as a power saving signal.
Proposal 3: Further discuss if high mobility cases, such as public bicycles, should also be supported, and whether to additionally introduce WUS/GTS if so.
Conclusions
In this paper, current discussion in RAN1 is summarized and observations and Table 1 are provided accordingly. Based on the current observation and work in RAN1, the co-sourcing company is trying to give compromised proposals to facilitate the progress of WUS discussion.
Observation 1: Power saving gain is marginal or even negative for 144 dB coverage if UE always needs to use NPSS/NSSS for synchronization before receiving WUS.
Observation 2: Attractive power saving gain is observed when UE uses WUS for synchronization in 144 dB coverage.
Observation 3: When WUS/GTS is adopted and used for synchronization, low to high mobility case can be supported where cell confirmation can be based on WUS/GTS and RRM measurement can be based on NRS.
Observation 4: When WUS/DTX is adopted and used for synchronization, WUS/DTX can support low to medium mobility case where the cell confirmation and RRM measurement is based on NPSS/NSSS with a longer cycle compared with DRX cycle.
Observation 5: WUS/GTS is not acceptable from the resource overhead point of view for 154 and 164 dB coverage.
Observation 6: The duration of WUS needs to be ~100ms or longer for supporting synchronization in 164 dB coverage.
Proposal 1:  The following are used as metrics for choosing WUS design to ensure attractive power saving gain, balanced with resource usage, in all coverage levels:
· The synchronization performance in 144 dB and 154 dB;
· The duration of WUS to achieve target missed detection rate and false alarm rate assuming prior synchronization in 164 dB coverage.
Proposal 2: Confirm the working assumption to adopt WUS/DTX as a power saving signal.
[bookmark: _GoBack]Proposal 3: Further discuss if high mobility cases, such as public bicycles, should also be supported, and whether to additionally introduce WUS/GTS if so.
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